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In this study, observations were made on changes that occurred at the DNA
phosphate and base vibrational absorption frequencies, from measurements of infrared
spectrum ofdrug-DNA complexes in aqueous solutions.
In the complex spectra of the DNA intercalators, ethidium bromide and copper
porphyrin, a shift to lower wavenumber occurred at the in-plane C=0/C=N combination
vibrational absorption frequency that appears around 1715 cm'^ The DNA asymmetric
phosphate stretching vibrational absorption frequency at 1222 cm ^ was shifted to a
higher frequency. The symmetric vibrational frequency at 1087 cm ^ was slightly shifted
to a lower frequency. These shifts were not observed in the complex spectra of the DNA
non-intercalator, vanadyl porphyrin.
DNA protein bands can be observed in infrared spectroscopy. These bands
diminish or disappear when a sample of DNA undergoes protein extraction. So, by
comparing the FT-IR spectra of a DNA sample before and after protein extraction one can
definitively determine the extent to which protein has been extracted.
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Infrared spectroscopy is frequently used as the first step in characterizing
functional groups in molecules that are infrared active. Although the DNA polymer has
only the identity operation as symmetry operation, it can be characterized by infrared
spectroscopy using group infrared absorptions such as carbon-nitrogen bonds and
phosphodiester bonds. Changes in the vibrational frequencies of these functional groups
can be used to determine the type of interaction that has or is taking place as DNA
interacts with other molecules. In a 1990 publication, Nonaka et al reported that the
intercalation of copper porphyrin into DNA results in a shift of the asymmetric phosphate
stretching vibrational frequency to a higher wavenumber, and the symmetric phosphate
stretching vibration shifting to a lower wavenumber.^
A number of physical studies have shown that polycyclic aromatic ligands bind to
DNA in at least two distinct modes, by intercalation and groove binding. In intercalation,
a planar molecule or the flat portion of a molecule that is not totally planar inserts between
base pairs of DNA double helix.'* This increases the spacing of successive base pairs,
distorts the regular sugar phosphate backbone, and decreases the pitch of the heUx.
Outside binding has generally been described as involving electrostatic interaction.^ In this
binding mode the predominant orientation is one in which the ligand molecules are stacked
along the external surface ofDNA occupying the major and minor grooves. Some DNA
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intercalators are also outside binders. In such cases outside binding becomes significant
at very high concentrations ofthe drug, i.e., when all intercalation sites are occupied.
In this project, the interactions between DNA and the following three compounds;
ethidium bromide, copper porphyrin and vanadyl porphyrin have been examined in the IR
region 1800 to 940 cm'\ This region was chosen because it contained many of the
framework vibrational frequencies for DNA bases and phosphate groups. It also
contained most of the absorption frequencies associated with ethidium bromide, copper
and vanadyl porphyrins. In X-ray studies it has been shown that the two planar molecules
ethidium bromide and copper porphyrin are DNA intercalators while vanadyl porphyrin is
a non intercalator.® Using an ATR cell, all spectra were taken in aqueous solution so as
to mimic the biological environment as much as was possible. When a drug binds to
DNA a complex is formed. The spectrum of this complex is referred to as complex
spectrum. Complex spectrum was obtained for every drug-DNA base pair ratio, by
subtracting the spectrum of the pure drug from the spectrum of the mixture of drug with
DNA.
In conducting an FT-IR spectroscopy study of the binding of drugs to DNA the
following experimental investigations were accomplished: determining purity, sample
purification, stabilizing pH and spectral measurement.
Determining Purity
This was done using gel electrophoresis. If a compound showed two bands in gel
electrophoresis further purification was initiated. In the case ofDNA, purity was checked
by comparing the infrared spectrum of the DNA sample with that of a purified sample.
Protein was the significant impurity in the DNA that was purchased. When DNA protein




The following techniques were employed, solvent extraction, recrystalization, gel
filtration chromatography, high performance liquid chromatography and ion exchange
chromatography.
Stabilizing pH of the system
Experiments were conducted with pH maintained between 7 and 8. This
corresponds to the pH of the nuclear environment, where DNA is located in most living
organisms. The pH was stabilized by adding very dilute sodium hydroxide or very dilute
hydrochloric acid. When appropriate, plane deionized water was used.
Using FT-IR to examine interactions
Here the intensity changes and vibrational frequency shifts that occurred at the
DNA phosphate and base absorption frequencies were examined. This was done for
different drug-DNA base pair ratios, starting from ratios in which few binding sites were
occupied to ratios in which the binding sites were saturated with drug molecules. With the
Attenuated Total Reflectance (ATR) cell it was possible to obtain spectra of aqueous
solution ofDNA, drugs, and DNA drug mixtures. The Fourier Transform software of the
spectrometer digitizes spectral data making it easier to manipulate and better interpret
them.
Ethidium Bromide
Ethidium bromide is a polycyclic, aromatic compound and a non-specific DNA
intercalator. It has also been shown (R. H. Shafer et al., 1984) that ethidium bromide Z-
DNA complex very closely resembles that formed with B-DNA.^ In living systems, it is a
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potent mutagen and also an inhibitor ofDNA synthesis. Ethidium bromide is irreversibly
active only against growing organisms and causes a gradual inhibition of growth (B. A.
Nelson 1957). As a drug, it is used as an anti-microbial and anti-cancer agent.
Copper and Vanadvl Porphyrins
Porphyrins are widely available in nature, constituting such very essential agents
like hemoglobin and chlorophyll.^ They have also been found to be good models for
studying drug binding to DNA.^** Some have been used as bleomycin analogues to cleave
DNA. In the presence of ascorbate, superoxide ion or iodoisobenzene, Mn(in), Fe(in)
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DNA is a nucleotide polymer with its highly polar backbone structure
consisting of units of deoxyribose (a sugar) joined by phosphodiester bonds.’ A
nucleotide consists of a deoxyribose molecule that has a purine or pyrimidine (a base)
attached to carbon-1 by a covalent P-1,4 glycosidic bond and a phosphate group bonded
to the oxygen that is attached to carbon-5. The general structure of a nucleotide is as
shown in Figure 2. The phosphodiester bond that links two nucleotides, is formed between
the oxygen that is attached to carbon-5 of one nucleotide and that on carbon-3 of
another nucleotide.
Base



























Figure 4. Purine Nucleotides
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Figure 6. Pyrimidine Nucleotides
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2’-Deoxy-D-ribose is a pentose sugar.^ In DNA it exists in the p-form, which
means that there is a P-OH at the Cl-position . The 2’-deoxy prefix indicates the lack of
an OH group at the C2-position. This sugar serves primarily as a provider of carbon
skeleton in the DNA polymer.
Phosphate esters are highly acidic. They dissociate in aqueous solution and tend to
exist as anions (negative ions) depending on the pH. They are negatively charged at
g
physiological pH and are responsible for the highly polar nature of the DNA backbone.











DNA helix consists of two strands, one strand running 5^ to 3* and the other strand
running 3^ to 5*.^ Each single strand of DNA consists of a backbone of alternating
phosphate group and deoxyribose units, with the two strands being held together by
hydrogen bonding between complementary bases. In helical DNA, guanine (a purine)
pairs with cytosine (a pyrimidine) and adenine (a purine) pairs with thymine (a
pyrimidine). Purine-purine or pyrimidine-pyrimidine pairing does not occur. Also adenine
(A) does not pair with cytosine (C) and guanine (G) does not pair with thymine (T).
The DNA bases are hydrophobic and relatively insoluble in water.
Figure 9. DNA ^lix.
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One helical turn of DNA B-forni contains about 10 base pairs and is 3.4 nm in
length.® The DNA double helix is 2.0 nm thick. The distance between adjacent base pairs
is 0.34 nm. The length of the minor and major grooves ofB-DNA are 1.2 nm and 2.2 nm
respectively. The angle between adjacent base pairs is about 36°. DNA is nearly but not
quite a perfect double helix.
Purine and pyrimidine bases can form several hydrogen bonds.® This is probably
one of their most important roles and for which they serve very well. Each DNA strand
serves as a template in DNA replication. Hydrogen bonds are ideal for the process of
DNA replication because they are weak but highly specific. Their specificity ensures
bonding only between appropriate chemical groups i.e., each strand with its
complementary replica. Their weakness allows bond breaking and formation that occur
during replication to proceed with minimal energy utili2ation.
If a molecule has a polar and a non-polar part, in an aqueous environment there is
the tendency of the non-polar end to associate with other non-polar groups so as to be
shielded from water. This behavior known as hydrophobic interaction, leaves the polar
ends exposed to water. In the case of DNA, hydrophobic interactions cause the stacked
bases to be largely hidden inside the double helix, where they are shielded fi-om water, but
exposes the highly polar backbone.
11
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Figure 10. Pairing of DNA bases by hydrogen bonding.
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Denaturing of DNA
DNA denaturing conditions are high temperature (close to lOO^C), high or low
pH, or hydrogen bond breaking reagents such as alkali or formamide.^ When DNA
denatures, hydrogen bonds are broken and complementary strands often separate from
each other. Since AT base pairs form two hydrogen bonds and the GC base pairs three
hydrogen bonds, strand separation begins at predominantly AT regions of double stranded
DNA. Strand separation at predominantly GC regions occurs when denaturing conditions
are made harsher.
When DNA denatures, the C=0/C=N combination base absorption frequency at
1716 cm'^ in B-form DNA, 1708 cm'^ in A-form DNA, and 1692 cm'* in Z-form DNA, are
not seen.* This is because this band is characteristic of base pairing and so disappears
when the bases are not paired.
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Spectroscopic properties of DNA
DNA only has the identity operation as a symmetry operation and belongs to the
Cl point group. The phosphate groups and the bases ofDNA can be analyzed by infrared
spectroscopy. One can get an infrared spectrum of aqueous DNA at even 100 mM but
above 30 mM it starts becoming very viscous and diflBcult to work with. Extensive IR
studies on DNA were conducted by E. Taillandier and T. Liquier.^ Among the
observations that they reported were that the base vibrational absorption frequencies of
DNA occur in the region between 1800 and 1550 cm ^ for double bond in-plane
vibrations, between 1550 and 1100 cm ^ for in-plane ring vibrations, and below 800 cm ^
for out of plane ring bending vibrations. In hydrated DNA samples absorptions in the
1800 to 1550 cm ^ are obscured by the presence of strong water absorptions. Useful
information can be obtained from this region when highly sensitive subtraction methods
are employed. The asymmetric phosphate stretching vibrational frequency occurs around
1220 cm ^ in the B-form and 1240 cm ^ in the A-form. The symmetric phosphate
stretching vibrational frequency coupled with a C5—05 of the sugar stretching vibration,
is observed around 1087 cm * in the B-form and at 1090 cm ^ in the A-form. Some of the
peaks are described in Table 1, and can also be seen in Figure 11. The various known
conformations ofDNA (A, B, and Z) can be distinguished by infrared spectroscopy and by
circular dichroism.
In Raman spectroscopy the asymmetric phosphate stretching vibration is not
observed.***’** Prominent changes in electronic polarizability due to the base-ring breathing
modes give rise to intense and well resolved Raman lines that occur in the 800 to 500 cm *
spectral region. In IR spectroscopy these modes are completely non existent. This is
because the out of plane modes of both purine and pyrimidine base residues play an
important role if we take into account their influence on the transition dipole moment.**
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DNA cytosine residues provide a narrow but intense peak at 785 cm’V This peak is not
affected by B to A conformational transition of Native DNA. Typically, characteristic
Raman peaks and infrared bands do not originate from the same nucleosidic motions even
if their wavenumbers are very close. This is because of the difference in intensity between
Raman and IR spectroscopy.
Table 1. Assignment ofabsorption bands ofDNA^
(cm*^)
1716 (B-DNA) In plane C=0 and C=N stretching vibrations.
1708 (A-DNA) This band is characteristic ofbase pairing and
1692 (Z-DNA) is not observed when DNA is denatured DNA.
1663, 1605, 1493 Cytosine
1296
1396 C2’ - endo
1222 (B-DNA) Asymmetric motion of the PO2
1240 (A-DNA)
1087 (B-DNA) Symmetric stretching vibration ofPO2 group
1090 (A-DNA)











DNA has been known to exist in different conformations and can undergo
transition from one conformation to another. Some of the known conformations ofDNA
are, A-Form, B-Form, Z-Form and P-Form.^
The A-Form is only found when very little water is available to interact with the
double helix. When DNA is slightly dehydrated, the DNA fibers tend to assume the A-
Form. Also, DNA complementary oligonucleotide crystals tend to exist in the A-Form,
since they are dehydrated by the chemical agents used in crystallization.
The B-Form is the form that DNA assumes in aqueous solutions. It is therefore
the most abundant form in the chromosome of living cells.
The Z-Form is the conformation that DNA assumes in the presence of high
concentrations of positively charged ions. An example of such a positively charged ion is
Na^. The primary difference between Z-DNA and B-DNA is in the conformation of the
guanine residue relative to the sugar moiety. This conformation is syn in the case of Z-
DNA but anti in B-DNA. The Z-form of DNA is sometimes referred to as the zigzag
conformation.
The P-Form is the form that DNA assumes when it is in a solvent mixture of high
alcohol content.
Infrared spectroscopy provides information on the different conformations of
DNA. The infrared spectra of the different conformations of the same DNA show large
differences in vibrational frequencies and intensities (Table 1). Base and phosphate
vibrational frequencies for the various conformations of DNA occur at different
frequencies.^ They show a 4 to 24 cm'* difference in frequency. The absorption
frequency for the C=0 / C=N combination stretching vibration occurs at 1716 cm'* in B-
DNA and 1692 cm'* in Z-DNA, a 24 wavenumber difference. Also, certain absorption
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frequencies occur only in a specific conformation, e g. the sugar backbone absorption
frequency at 1185 cm'^ occurs only in A-DNA.*
The B to A conformational transition can be detected by a continuous decrease in
the 835 cm ^ band intensity and a simultaneous increase in the 860 cm'^ band.* This
occurs in the progressive dehydration of a DNA film, and can be used to determine the
amount of a particular conformation present . Based on these intensities the following
ratio can be used to determine the amount of the A-conformation that is present:
Ageo
(Agss + Ag6o)
To determine the amount of the B-conformation present we use the ratio;
Ag35
(Ag60 + Ag35)
Ag60 “ Absorbance at 860 cm ^
Ag35 = Absorbance at 835 cm'
The B to Z conformational transition can be observed with infrared spectroscopy
by taking spectra ofDNA in saline solution with increasing salt concentration.* As this
transition occurs all the double bond vibrational absorption frequencies are shifted to
lower wavenumbers. This is primarily because of a change in the conformation of the
guanine residue from a syn to an anti conformation relative to the sugar moiety. The band
at 1716 cm'* at low salt concentration (e g., 20 mM) is shifted to 1692 cm'* at high salt
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concentration (200 mM). This is accompanied by the appearance of the 1630 cm‘^ band
which is characteristic ofZ-DNA.
B to A and B to Z conformational transitions can also be followed by changes in
the dichroic ratios of the respective infrared bands. ^ The dichroic ratio of a band is the
ratio of the absorptions measured at the maximum of this band for incident electric field







A I = Absorbance when incident electric field is directed perpendicular to the
orientation axis.
A n = Absorbance when incident electric field is directed parallel to the orientation
axis.
0 = Orientation angle between the transition moment of the band and the axis of higher
symmetry of the polymer. May be determined by X-ray measurements,
g = Axial orientation parameter, is the fraction ofperfectly oriented chains.
The band which gives the largest dichroic ratio in DNA infrared spectrum is the
C=0 / C=N combination double bond in plane vibration and is located at 1708 cm' in
A-DNA, 1716 cm‘^ in B-DNA and 1692 cm'^ in Z-DNA.
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Raman spectroscopy has also been used to study the A, B and Z conformations of
DNA. In 1986, Brown and Wartell showed that in the B to Z conformational transition
there was a 682 cm'* to 625 cm'* shift, as well as shifts in several other Raman modes.***
The 1093 cm'* PO2 stretching mode showed a decrease in intensity. M. Ghomi et al.
(1988) reported that the thymine residue breathing mode gives rise to a Raman vibrational
peak around 660 cm'*.** This peak showed a minor shift in the B to Z conformational
transition.
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The binding ofmolecules to DNA
Two of the common types ofbinding that have been found to occur between DNA
and other molecules are intercalation and outside binding.
The word "intercalation" was first used by Lerman in 1961 to describe the
insertion of planar aromatic (or heteroaromatic) compounds between adjacent base pairs
of double stranded DNA.^^ This produces a deformation in the DNA template with a
variety of consequences, such as inhibiting DNA synthesis itself^ Intercalating compounds
are usually positively charged and planar. Some are used as anti-tumor agents, a
consequence of the fact that they inhibit DNA synthesis. DNA intercalating drugs that
have non-planar chains (e g., Daunomycin, Actinomycin, Triostin A), tend to bury their
non-planar parts in the minor groove rather than the major groove.^
Viscosity and sedimentation velocity studies have shown that intercalation of a
drug into DNA results in unwinding and extension of the double helix.'*®’''*’'*^’'*^ When a
drug intercalates into DNA, the spacing of successive base pairs along the helical axis are
increased roughly to 7 Angstroms, which is almost the distance between phosphate atoms
in a fully extended polynucleotide chain. Under this condition, very httle rotation is
possible around the helical axis, leading to an extension and unwinding of the double helix.
The rotation angle between adjacent base pairs is reduced from 36° to 10°.^’^'’
In the intercalation of molecules into DNA, every second site along the double
helix remains unoccupied i.e., intercalation follows the “neighborhood exclusion
principle." In intercalation, hydrophobic interactions at polar, planar regions of the DNA
binder are more significant than electrostatic dipole-dipole, and H-bonding interactions.
The fact that intercalation occurs readily indicates that it must be energetically favored,
with the Van Der Walls bonds holding the inserted molecules to the base pairs being
stronger than those found between conventionally stacked base pairs.
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Intercalation provides an additional evidence for the metastability of the double
helical structure, which is its ability to temporarily assume many inherently unstable
configurations that normally quickly revert back to the standard B conformation.^
Outside binding is favored when steric hindrance or a lack of planarity close to the
planar region inhibits intercalation.^^ The ligands may or may not be stacked on each
other. In outside binding, electrostatic dipole-dipole and H-bonding are more significant
than hydrophobic effects. Most DNA binding drugs that exhibit base specificity, do so by
preferring A-T base pair regions to G-C, and most of these bind within the minor groove.
Some of the A-T favoring minor groove binding drugs are Hoechst 33258, and
Netropsin.^^
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Some techniques used to study DNA-drug interactions
Some of the many techniques that have been used to study the binding of drugs to
DNA are: Viscosity, Sedimentation velocity, X-ray diffraction, Fourier Transform Infrared
spectroscopy. Fluorescence, Resonance Raman, NMR, UV-Visible spectroscopy. Sodium
Ion Release, Electron Microscopy, Autoradiography and Circular Dichroic studies.
Viscosity and S20 Sedimentation Velocity studies have shown that the binding of
drugs to superhelical DNA causes a local unwinding of the double helix. This leads to a
moderate increase of the Solution Reduced Viscosity (SRV)'*®’'** and to reduction in the
value of S20 sedimentation velocity.
Using Fourier Transform Infrared Spectroscopy, it has been observed that the
intercalation of copper porphyrin into DNA results in the symmetric phosphate stretching
vibrational absorption frequency of DNA shifting to a lower wavenumber, and the
asymmetric phosphate stretch shifting to higher wavenumber.
In UV-Visible studies, a large shift in Soret bands, large hypochromicity, coupled
with disappearance of the bands that are characteristic of hexacoordinate nickel porphyrin,
occurred when the porphyrin was mixed with DNA.**^ A major problem with this
technique is that the high energy of UV-Visible radiation can induce some undesired
chemical processes in the sample.
A downfield shift of the signal in nuclear magnetic resonance (NMR)
spectroscopy has been attributed to intercalation in DNA porph5ain binding.^^ The
NMR showed an upfield shift of imino protons ofDNA which also indicates intercalation.
NMR techniques can be used to determine relaxation times and distance between protons
and to evaluate actual binding sites.
24
Two dimensional (2D) Fourier Transform NMR which includes Correlated
Spectroscopy(COSY), Nuclear Overhauser Enhancement Spectroscopy(NOESY), and
Relayed Correlated Spectroscopy have provided detailed information on the structure of
nucleic acids and their interaction when in aqueous solutions.
Nickel Porphyrins with different coordination, all change to the tetracoordinate
form when bound to DNA in resonance Raman spectroscopy."*^ Resonance Raman
provides information only on the excited chromophore and non about the other specie, in
this case the DNA.
DNA X-ray diffraction patterns change when intercalation occurs between every
two or three base pairs.
Enhanced fluorescence has been attributed to reduction in the rate at which
protons are transfered from ethidium bromide to solvent molecules, when binding with
DNA occurs."*"*
In aqueous solutions the conformation of DNA is greatly influenced by small
counterions such as Na^. Sodium ion release experiments have shown that DNA charge
density decreased when intercalation occurred. This has been attributed to neutralization
of some of the anionic charge ofDNA by charge on the intercalator and also because of
increase in phosphate to phosphate distance."*^ Using the two intercalators quinacrine and
ethidium bromide, Mariam and Wilson monitored the sodium ion release as each of the
two drugs interacted with DNA. This was done by ^^a NMR titration of the DNA with
each compound. Other studies have also shown that ^^a NMR is very useful in
monitoring DNA conformational changes and binding interactions."*^
Transient Electric Dichroism Studies have shown that the length increase which
occurs upon intercalation is not exactly 0.34 nm for every drug. This reflects minor
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differences in the mechanism of intercalation. Intercalated ligands are not perpendicular to
the helix axis.^^’'**’*”
The circular dichroic (CD) studies of Soret bands have indicated that positive
induced peaks result from “AT” binding and negative induced peaks arise from “GC”
binding. These spectral data strongly suggest competitive binding between “GC”
intercalation and “AT” outside binding, occuring in systems that they apply to.
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Infrared spectroscopy
Infrared spectroscopy is the measurement and interpretation of electromagnetic
radiation, absorbed, scattered or emitted by atoms, molecules, or other chemical species in
the infrared region of the electromagnetic spectrum.
Electromagnetic radiation is made up of a broad range of wavemotions that
-9
extends from cosmic rays with wavelengths as short as 10 nm, all the way to radio
waves with wavelengths longer than 1000 Km.*^ Regardless of the wavelength, the waves
travel at the speed of light (300,000 ms'^ in vacuum). They differ only in frequency and
wavelength and on the effects they can produce on matter (both physical and chemical).
The infrared region of the electromagnetic spectrum falls between the visible and
• "1 18
microwave regions i.e., 14,290 to 200 cm . This region is divided into three portions;
NEAR-IR 14,290 to 4,000 cm"^
MID-IR 4,000 to 400 cm ^
FAR-IR 700 to 200 cm‘^
The near infrared region is very useful for analyzing mixtures of aromatic amines.
It is widely used in the determination of proteins, fat, sugar, oils etc. The mid-infrared
region is the one that was used in this project and includes the fingerprint region (1600 to
650 cm'^). The far infrared region is particularly suited for the analysis of organometallic
compounds, that have heavy atoms and weak bonds. Only molecules with a dipole
moment are active in ordinary infrared spectroscopy.
An electromagnetic wave consists of oscillating electric and magnetic fields
perpendicular to each other and propagating in the Z-direction at the speed of light, and at
a given wavelength and frequency. The electric and magnetic field strengths oscillate as
the wave propagates.
27





In infrared spectroscopy, absorption frequencies are often expressed in the form of




The unit of v is cm'^ (reciprocal centimeters).
When electromagnetic radiation interacts with matter, it can be absorbed, scattered
or transmitted by the atoms, molecules or other constituent species of the substance. The
ratio of the radiant power transmitted by a sample to the radiant power incident on the





It = Radiant Power transmitted through the sample unabsorbed.
li = Radiant Power Incident On Sample
According to Beer's law, absorbance is the negative logarithm to base ten of
transmittance and is often represented as A, where:
A = - logio(T)
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Also, absorbance can be expressed as;
A = 8 X / X c
8 = Extinction coeflBcient
/ = Pathlength
c = Concentration.
The difference between the incident and transmitted radiant power, constitutes the
radiant energy that is absorbed by the sample and is used to excite vibrational motion of
the atoms in the molecules if the radiant energy absorbed falls in the infrared region.
A plot of absorbance versus frequency (expressed in wavenumbers) is called an
absorption spectrum. An analysis of this spectrum tells us what functional groups in the
molecules of the sample are affected by the interaction with electromagnetic waves.
When a material is placed in contact with an internal reflecting surface, the
internally reflected radiation beam appears to penetrate slightly beyond the reflecting
surface. The electric field generated at a totally reflecting interface is called an evanescent
field. The interaction of the evanescent field with a material in contact with the interface
produces an absorption spectrum that is characteristic of the material and similar to an
infrared spectrum of the material.
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FT-IR spectrometer
An FT-IR spectrometer is an IR spectrometer that is equipped with a scanning
Michelson interferometer for data collection, and Fourier transform software to process
the data. A Michelson interferometer is a device that can divide a beam of radiation into
two paths and then recombine the two beams after a path difference has been introduced.*^
A condition is thereby created under which interference between the beams can occur.
The intensity variations of the beams emerging from the interferometer can be measured as
a function of path difference by a detector. The resulting signal from the detector is
known as an interferogram, which contains all the information necessary for the Fourier
transform software to construct a single beam spectrum. An absorbing sample can be
placed in the infrared beam after it emerges from the interferometer. The Fourier
transform software converts data rapidly collected in the time domain to conventional
frequency domain.** In the Fourier transform software conditioning functions are also
present and serve to improve signals by multiplying them with appropriate filter functions.
The advantages of FT-IR over ordinary IR are that with FT-IR, spectral information is
digitized.*^ This makes possible the use of a computer in performing things like spectral
addition, subtraction, multiplication, baseline correction and other operations, which
ordinarily are difficult and time consuming. Also the Michelson interferometer scans all
wavelengths at the same time with the same signal to noise ratio as a dispersive instrument
but in a fraction of the time.
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Attenuated Total Reflectance cell (ATR celH
An ATR cell basically consists of a tray sitting on a metallic stand that is equipped
with two reflecting mirrors. These two mirrors direct radiation to the bottom of the tray
that consists of a zinc selenide crystal plate, which serves as an internal reflecting element
(Figure 12). In the zinc selenide crystal plate, radiation (infrared radiation) is totally
internally reflected. The region of reflection occurs slightly outside the plate and it is here
that the evanescent field of the radiation interacts with the liquid sample, giving rise to the
spectrum of the sample. Using an ATR cell, spectra can be obtained for aqueous solutions
without compensating for very strong solvent absorptions.
daciia-Ko*^
0 = Angle of incidence.
Figure 12: An internal reflecting element
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Internal reflection occurs when 0 is greater than Gg. The depth of penetration of
the radiation into the sample is given by dp,*^ where:
dp
2nnp(sin^0 - n^sp)°^
X = Wavelength of radiation.
np = Refractive index of zinc selenide.
ns = Refractive index of sample.
ns
nsp “ with ns > np
np
The depth of penetration may also be defined as the distance the electric field reaches 1/e
of its initial magnitude. The amplitude of the electric field decreases exponentially with
distance from the surface of the internal reflecting element and at dp the electric field
reaches 1/e of its initial magnitude. At steep angles (about 30°) the depth of penetration
into the sample is much greater than at grazing angles (about 60°). The length to thickness
ratio of the zinc selenide plate determines the number of reflections after the angle of
incidence is selected. The depth of penetration into the sample is independent of the
sample thickness. It is approximately 0.1 A, for most materials and is smallest for materials
ofhigh refractive index.
The critical angle is given by:














Calf thymus DNA with a molecular weight of 660 amu per base pair, was
purchased from Sigma Chemical Co. of St. Louis, MO. Protein was removed from this
commercial grade DNA by phenolic extraction. The procedure used was a combination of
methods outlined in the series "Current Protocols in Molecular Biology"^*’ and those
developed by the group. The first step in the procedure was dissolving the DNA in
deionized water. A 25:24:1 mixture of phenol:chloroform:isoamyl alcohol was prepared.
The mixture was used to perform solvent extraction on the DNA. Chloroform was used
to extract phenol from the DNA mixture after protein has been precipitated from it. This
was followed by using absolute ethanol to precipitate the DNA from the resulting solution.
The DNA solution was then lypholized for 36 hours to get solid purified DNA. An
infrared spectrum of the purified DNA was obtained to determine if the protein bands at
1653.7, 1558.8 and 1396.4 cm ^ have diminished or have disappeared. If not, the
purification had to be repeated. The cleaned DNA solid was always stored in a well-









Ethidium bromide with a molecular weight of 394.3 amu was also purchased from
Sigma Chemical company. It was further purified by solution recrystallization using
ethanol as solvent. After purification a 20 mM stock solution of the ethidium bromide was
prepared. The exact concentration was determined by UV measurements and found to be
-2
2.2 X 10 M, which was then diluted to 20 mM.
The copper and vanadyl porphyrin used were purchased from Mid-Century
Chemicals Inc. The molecular weight of the copper porphyrin is 882.20 amu and that of
the vanadyl porphyrin is 887.59 amu. There was no indication as to the level ofpurity, so
gel electrophoresis using poly acryl-bis gel was employed in checking purity. The
appearance ofmore than one band was an indication that the sample was not pure. Gel
filtration chromatography using an LH-20 column was employed in separating the bands.
After separation, an IR spectrum of each of the bands was obtained. These were
compared to those of previous purifications and from these results the pure sample was
deduced. On several occasions one of the bands corresponded to the H2 salt, i.e.,
H2[TMpy-P4]. Since porphyrins are light sensitive efforts were made to protect them
from light. This included storing samples in dark bottles, preparing samples and taking
measurements in as much darkness as was possible. After purification a 20 mM stock

































Determining purity bv gel electrophoresis
The instrument used for the gel electrophoresis was a GT Series Gel
Electrophoresis Unit manufactured by Hoefer Scientific Instruments (HSI). The first step
in the procedure was preparation of 2000 mL of tris borate buffer. Then 100 mL of
polyacryl bis in a 100 mL beaker was prepared by adding the following items to the
beaker, and exactly in the order stated; 40 mL of acryl bis, 10 mL of lOX tris borate,
49.26 mL ofDI water, 0.50 mL ofAPS and 0.24 mL of TEMED. Each gel tube was
filled to about 4 cm fi'om its open top with the gel which was then allowed to polymerize.
One mL of a 2 mM solution of each sample was prepared. A 1:1 mixture using 5
microliters of sample and 5 microliters of sucrose solution in a 5 mL centrifuge tube was
also prepared. A Henderson syringe was used to transfer all the 1:1 mixtures of sample
with sucrose, into respective gel tubes. The top of the electrophoresis unit was filled with
the tris borate buffer to completely cover up all the gel tubes. Some of the buffer was also
put into the lower plate to cover up the bottom region of the gel tubes. The system was
then connected to a meter operated at 400 volts and 5 amperes, and was allowed to run
for fifteen minutes. The gel tubes were examined by holding the tubes against a well lit
background. If two bands were present in a gel tube, then the sample was not pure and
purification by gel filtration chromatography was required.
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spectral measurements
The spectrometer used was a Nicolet Magna 750 equipped with a Spectra Tech
Horizontal Attenuated Total Reflectance (ATR) cell, a liquid nitrogen cooled MCT/A
detector and Omnic software. The cell compartment of the spectrometer was
continuously purged with dry air during measurements. After loading each sample, the
cell compartment was allowed to purge for at least 15 minutes before a measurement was




Number of Scans 1000
The first step was to obtain a background spectrum using the ATR cell loaded with
the reference material (sodium chloride solution) and having the sample tray covered with
a glass slide. This precludes the need to obtain a reference spectrum. Next, a water vapor
spectrum was obtained. A second water vapor spectrum was always obtained at the end
of an experimental session. Either of the two water vapor spectra was used depending on
which one gave the better subtraction result. Often times, the water vapor spectrum
obtained at the end, served well for subtractions on the spectra of samples obtained
towards the end of the experiment. Although the cell compartment of the spectrometer
was always purged, some water vapor may still be present in it especially when the
atmospheric humidity was very high. In order to minimize the amount of water vapor
getting into the cell compartment, loading and removal of the sample was done very
quickly — no more than 5 seconds. Also, the cell compartment was allowed to purge for
about ten minutes before scanning was commenced. The equipment automatically ratios
spectral measurement to the background spectrum.
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Spectral measurements were obtained for samples with composition as outlined in
Table 2. A 1 ml portion of each sample was used for measurement. Six mixtures having
different ratios of drug and DNA, were prepared from the stock solutions. The ratios
used were based on concentration of drug and DNA base pairs and were as follows: 1:20,
1:10, 1:7, 1:5, 1:4, 1:2. The DNA base pair concentration was kept constant, and so
also was the overall volume of each sample. Only the amount of drug was varied.
Deionized water was used to make up for the difference in volume.
The ATR cell was always handled with great care because of the very fragile zinc
selenide plate. The cell tray was thoroughly cleaned before use by soaking with methanol
for about 15 minutes, and then rinsing carefully with distilled water served from a wash
bottle. It was never placed under running water as the water pressure could damage the
zinc selenide plate. After washing, it was dried with a blow dryer set on cold air. Hot air
was never used on the plate since high temperature can cause the plate to crack. Except
for water vapor measurements, during scanning top of the plate was always covered with
a clean glass slide. On completion of the last spectral measurement, the cell was again
washed with methanol and rinsed with deionized water. Toothpaste was suggested as an
adequate cleaning agent, being a mild abrasive. However, its use was avoided because
some chemical agents in it may contaminate the sample. Measurements for each drug
were scheduled separately to prevent contamination of sample. Since zinc selenide
produces H2Se in acid solution, care was taken to prevent the use of highly acidic
solutions. The plate was often inspected for specs and minor cracks by viewing under a
lit background.
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Table 2. Sample Mixtures Prepared
SAMPLE# [B.P.l(mM) rEtBrKmM) [EtBrplBP.l
1 10 0 0
2 10 0.5 1:20
3 10 1.0 1:10
4 10 1.4 1:7
5 10 2.0 1:5
6 10 2.5 1:4
7 10 5.0 1:2
8 10 10.0 1:1
[B.P](tnM) = Concentration ofDNA base pairs in mM.
[EtBr](mM) = Concentration of ethidium bromide in mM.





Water and water vapor spectra were subtracted from each of the sample spectra
using the spectrometer Omnic software. This was accomplished by manipulating the
subtraction function of the software until the vibrational absorption frequency that
appeared around 1650 cm ^ in the preliminary subtraction result disappeared. Sometimes
water (solvent) was used as the background spectrum. In such cases there was no need to
subtract a water spectrum from the sample spectra, however, water vapor was still
subtracted. To obtain spectrum of the complex, the spectrum ofpure drug was subtracted
from the spectrum ofDNA-Drug mixture. In the case of ethidium bromide, the peak used
for subtraction was the one at 1330 cm'^ because it was the most isolated peak ofmedium
intensity that appeared in the spectra ofboth pure ethidium bromide and ethidium bromide




The ethidium bromide spectrum obtained was similar to that found in
literature. The assignment of some of the absorption bands is shown in Table 3.
Table 3. Assignment of absorption bands of Ethidium
Bromide^^
(cnf^)





1 1260.5 to 1086 C-C and C-N stretch








In the DNA-ethidium bromide complex spectra, the asymmetric phosphate
stretching vibrational frequency peak at 1222 cm‘^ shifted by 6 wavenumbers to higher
frequency. It remained almost unchanged in intensity. The symmetric phosphate
vibrational frequency peak at 1087 cm'^ shifted only by about 2 wavenumbers to lower
frequency but remained unchanged in intensity. The in-plane C=0/C=N combination
stretching vibrational frequency peak (1716 cm'*) was shifted by 8 wavenumbers to lower
frequency. The C-N bending mode at 1053 cm* was not shifted, but diminished in
intensity with increasing ethidium bromide concentration. The P-OH stretch at 970 cm'*
was not shifted. It also maintained its intensity as ethidium bromide concentration
increased. The DNA peak at 1020 cm * was not seen in the spectra of the mixture. It
might have been obscured by the symmetric phosphate stretching vibration at 1087 cm'*.
The peaks at 1263, 1316, 1407 and 1467 cm'* have been assigned to pure ethidium














This spectrum was found to contain the major peaks associated with porphyrins.
The assignment of absorption bands of this spectrum is as outlined below in Table 4.
2 39Table 4. Assignment of absorption bands ofCopper Porphyrin ’
1001, 1027, 1190 and 1212 C-C and C-N Stretch
1462 CH and CH,2 3
1512, 1533 and 1567 C=C and C=N








In the DNA-copper porphyrin complex spectra, the asymmetric phosphate
stretching vibrational frequency peak at 1222 cm‘^ was not shifted, and remained almost
unchanged in intensity. The symmetric phosphate stretching vibrational peak (1087 cm’’)
was not shifted nor considerably changed in intensity. The in-plane C=0/C=N
combination stretching vibration at 1716 cm’’ was shifted by 7 wavenumbers to lower
frequency. The C-N bending mode at 1053 cm ’was not shifted, but did diminish in
intensity with increasing copper porphyrin concentration. The P-OH stretch at 970 cm’’
was not shifted and remained unchanged in intensity. As the concentration of the copper
porphyrin increased, the DNA peak at 1020 cm’’ increased in intensity and was shifted by
15 wavenumbers to lower frequency. A new peak appeared at 1137 cm ’. This peak was
not present in pure DNA nor in pure copper porphjnin spectra. It must be due to
complexation. The peak did not change in intensity nor in position with increasing copper
porphyrin concentration. The peaks at 1294, 1375, 1448 1490, 1527, 1557 and 1663 cm’’













Like the copper porphyrin spectrum, it contained all the major porphyrin peaks.
The main difference between this spectrum and the copper porphyrin spectrum was the
V=0 stretch that occurred at 953 cm'^ in the yanadyl porphyrin spectrum. Since metals
do not show up in infrared spectroscopy, no features could be assigned to the yanadyl
metal itself nor to the copper metal. The assignment of absorption bands of yanadyl
porphyrin is as shown below in Table 5.
Table 5. 2 39Assignment of absorption bands ofVanadyl Porphyrin ’
(cm’b
958 V=0 Stretch
1001, 1027, 1190 and 1212 C-C and C-N Stretch
1462 CH^ and CH^
1512, 1533 and 1567 C=C and C=N








In the DNA-vanadyl porphyrin complex spectra, the asymmetric phosphate
stretching vibration at 1222 cm'* was not shifted and there was no major change in its
intensity. The symmetric phosphate stretching vibration at 1087 cm'* was also not shifted
and did not significantly change in intensity. The in-plane C=0/C=N combination
stretching vibration at 1716 cm'* was not shifted and remained fairly constant in intensity.
The C-N bending mode at 1053 cm'* did not change in position or intensity. The P-OH
stretch at 970 cm * did not change in position or in intensity. The V=0 stretching vibration
at 958 cm’* was not observed in any of the spectra. It might have been obscured by the P-
OH stretch at 970 cm *. There was an appearance of a shoulder at 1070 cm * in the
vanadyl porphyriniDNA ratio of 1:2. The porphyrin peak at 1643 cm * was present in all
the spectra but at a much diminished intensity. The peaks at 1007, 1344, 1638 and 1643
cm’*, have been associated to pure vanadyl porphyrin. The peaks at 1489 and 1487 cm'*
have been associated to DNA functional groups. The peaks at 1526, 1451 1416 and 1373















The FTIR study of DNA-ethidium bromide interaction conducted in this project
simultaneously examines interaction with DNA bases and phosphate groups. The 14
wavenumber shift to lower frequency that occurred at the 1716 cm"^in-plane C=0/C=N
combination stretching vibrational frequency has been interpreted as resulting from a
strong interaction between ethidium bromide and the carbonyl groups ofDNA bases, an
interaction that is consistent with intercalation. This absorption frequency is characteristic
of base pairing and since its intensity remained almost unchanged at higher and higher
concentrations of ethidium bromide, it suggest that ethidium bromide does not cause
unpairing of DNA bases. There was also a 6 cm'^ shift to higher frequency for the
asymmetric stretch.. This indicates that ethidium bromide also interacts with the
phosphate groups ofDNA.
Copper Porphyrin
In this investigation the in-plane C==0/C=N combination stretching vibration of
DNA bases that occurs at 1715 cm'^ was shifted by 7 cm'^ to lower frequency. This
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indicates some interaction between copper porphyrin and DNA bases, an interaction that is
consistent with intercalation. Nonaka et al^ reported that the intercalation sites for copper
porphyrin on DNA were fully occupied at the ratio of 1:4 i.e., copper porphyriniDNA
base pairs. This means that any changes on the spectra of the complex, above this ratio
may be attributed to some other kind ofbinding.
Vanadvl Porphyrin
The V=0 bond of vanadyl porphyrin is perpendicular to the plane of the porphyrin
ring. This prevents the molecule from fitting between DNA base pairs. In this
investigation no significant changes on DNA base and phosphate vibrational frequency
peaks were observed when DNA was mixed with vanadyl porphyrin. The lack of
interaction between vanadyl porphyrin and DNA bases is consistent with the fact that
vanadyl porphyrin is a DNA non-intercalator. There was an observed absence of the V=0
stretching vibrational frequency peak at 958 cm'^ in the spectra of the mixture ofDNA
and vanadyl porphyrin. This may be due to the interaction of the vanadium atom with
some functional group on DNA thereby causing a shift to a higher or lower wavenumber.
There is also a possibility that this V=0 frequency peak was obscured by the DNA P-O-H
stretch that occurs at 970 cmV This can be verified by labeling vanadyl porphyrin with an
18O oxygen. This will move the V=0 stretching frequency to a lower wavenumber.
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General analysis
A lot of studies have been done on the binding of drugs to DNA. One of the
earliest studies was performed by L. S. Lerman in 1961 In his investigation he used X-
ray diffraction to study the DNA proflavin complex, from which he observed the insertion
of proflavin molecules between adjacent DNA base pairs. He used the word intercalation
to describe his observation. In 1964, Fuller and Waring reported the results of an X-ray
diffraction study on the DNA-Ethidium bromide complex.^^ There model suggested
hydrogen bond formation between the amine groups of ethidium bromide and DNA
phosphate oxygen. This is consistent with the result obtained in the current FT-IR
investigation., which shows interaction between ethidium bromide and DNA phosphate
groups, especially at high concentrations of ethidium bromide.
In 1971 Freifelder used the electron microscope to study the DNA-Ethidium
bromide complex.'** He determined the length of the complex at various ethidium
bromide concentrations and observed an increase in length of the DNA as the ethidium
bromide concentration increased; an observation that is consistent with intercalation but
says nothing about outside binding. M. J. Waring et al (1975), used measurements of S20
Sedimentation velocity to show that intercalation of a drug into DNA is preceded by local
unwinding of the supercoiled double helix.'** This allows the drug molecules to get
between the base pairs. The unwinding of the double helix results in a decrease in
sedimentation velocity. No information about local unwinding of supercoiled DNA has
been deduced from the FT-IR results obtained in the current investigation.
In 1977, Olmstead and Keam observed that intercalation of ethidium bromide into
DNA results in a marked increase in ethidium bromide fluorescence. They attributed the
enhancement of fluorescence to reduction in the rate at which protons in the excited
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singlet state transfer to solvent molecules. Their result did not say anything about outside
binding.
Crothers et al (1979) made the following observations based on electric dichroic
studies ofDNA-drug complexes;
1. “Very little net bending or kinking ofDNA is associated with intercalation.”
2. “The length increase of the double helix which occurs upon intercalation is not
exactly 0.34 ran.”
3. “Intercalated ligands are not perpendicular to the helix axis.”
These observation have not been deduced from the current FT-IR investigation.
Mariam and Wilson (1983), reported that DNA charge density decreased when
intercalation occurred.'*^ This they attributed to an increase in local average phosphate to
phosphate distance and neutralization of some of the DNA anionic charge by the charge
on the intercalator. They monitored the sodium ion released as the intercalators
qumacrine and ethidium bromide interacted with DNA using Na NMR line widths.
They also observed sodium ion released from DNA on denaturation. By varying the
charge density on DNA it was possible to obtain information on the relaxation of ^^a
associated with DNA. This technique made possible a quantitative comparison of ^^a
ion relaxation when associated with DNA to predictions from polyelectrolyte theory.
Their results enhanced the fact that titration ofDNA with cationic intercalators can be can
be useful in evaluating relaxation mechanisms. They emphasized that the total amount of
sodium ion associated with the double helix in the thermodynamic sense may be different
from that monitored by the ^^a NMR method. In analyzing their results they assumed a
quadratic dependence of the bound sodium relaxation rate on the nucleic acid charge
density. They also assumed that the ^^Na^ relaxation rate can be separated into two terms,
a term due to the free solution relaxation of ^^a^ and another term due to relaxation of
sodium ions associated with the DNA double helix. Their plot of ^^a^ linewidths in
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native denatured DNA and DNA ethidium bromide complex as a function of temperature
showed a decrease in linewidth up to the denaturation region of the double helix, at which
point a break occurs with a greater decrease in linewidth. This was attributed to
conformational changes, release of sodium ions and mobility changes that occur on DNA
denaturation. The FT-IR results obtained in the current investigation shows interaction
between ethidium bromide and DNA phosphate groups. It also can be used to study
conformational changes.
L G. Marzilli et al., have used several techniques to study the intercalation of
porphyrins into DNA."*^ The techniques include Viscosity Measurements, Resonance
Raman, UV-Visible spectroscopy, and NMR. They observed an increase in Solution
Reduced Viscosity (SRV) when the porphyrin was added to DNA. This has been
attributed to local unwinding of supercoiled DNA prior to intercalation. In their Raman
spectroscopy studies on hexacoordinate nickel porphyrin, they observed a disappearance
of all the characteristic bands of the hexacoordinate species upon addition of Calf Thymus
DNA. Their UV-Vis spectroscopy study also showed disappearance of these bands for
hexacoordinate nickel porphyrin upon addition of Calf Thymus DNA. There was also a
large red shift in the soret bands and large hypochromicity. The result that gave the most
obvious indication of intercalation was that obtained from NMR, which showed an
upfield shift of the imino protons ofDNA in the presence of intercalating porphyrins. The
NMR showed a downfield shift upon addition ofDNA. Their results also suggest an
outside non-intercalative binding to “AT”-rich regions and an intercalative binding to
“GC”-rich regions by large aromatic porphyrin cations . The specific intercalation sites
were not determined. They asserted that the NH signal attributed to the porphyrin
indicates a C2 symmetry on the NMR time scale. In the case of self complementary
duplexes with C2 symmetry, the NH signal arises from two equivalent base pairs. When
this symmetry is broken by any interaction a species with twice the number ofNH signals
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will be generated. The failure to observe GC(7) signal was attributed to its overlap with
porphyrin signals. As temperature increased the GC(6) signal diminished in intensity. The
results suggest a binding mode of porphyrin to DNA, in which the next neighbor basfe
pairs are still hydrogen bonded.
Two dimensional Fourier Transform NMR which includes Correlated
Spectroscopy(COSY), Nuclear Overhauser Enhancement Spectroscopy(NOESY), and
Relayed Correlated Spectroscopy have provided detailed information on the structure of
nucleic acids in aqueous solutions. NOESY has shown that all the intranucleotide cross¬
peaks between base (H6/H8) protons and the sugar HI' proton are weaker compared to
base -(H2^, H2") cross peaks in d-(CG)6. This tells us that all the bases adopt an anti¬
conformation in d-(CG)6 oligonucleotide.^^ Hl^-H2' and cross peaks have been
identified in the COSY spectrum of the d-(CG)6. The peak corresponding to Hl'-H2^ is
slightly weaker than the peak due to Hl^-H2". This observation rules out a rigid 3'-endo
geometry, which requires absence of Hl^-H2' cross peaks due to the fact that the Hi'-
H2' coupling constant is close to zero for such a conformation. The combination of 2D
NMR and Distance Geometry Algorithm methods, show the GGAATTCC segment of the
AATT dodecamer in solutions to be unwound compared to structures observed by single
crystal X-ray methods. This technique also shows the glycosidic torsion angles and the
sugar pucker to be characteristic ofB-DNA.
Nonaka et al. used a combination ofFT-IR and Raman spectroscopy to study the
interaction of copper and vanadyl porphyrin with DNA. They observed two shiflis at the
DNA phosphate vibrational absorption frequencies in the interaction with copper
porphyrin. A shift to a higher wavenumber occurring at the DNA asymmetric phosphate
stretching vibrational absorption frequency and the symmetric phosphate stretch shifting to
a lower wavenumber. This was deduced to be the outcome of intercalation of the copper
porphyrin into Calf Thymus DNA. The results obtained in this investigation, show that in
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addition to the shifts occurring at the DNA phosphate vibrational absorption frequencies, a
shift to lower wavenumber also occurs at the DNA base in-plane C=0/C=N combination
vibrational absorption frequency. The shift was by 7 cm'* to lower wavenumber in the
DNA-Copper porphyrin complex spectrum and by 14 cm'* to lower wavenumber in the
DNA-Ethidium bromide complex spectrum. This is consistent with intercalation since it
involves insertion of a molecule between adjacent base pairs. In the case of vanadyl
porphyrin a DNA non-intercalator, no shift was observed at the in-plane C=0/C=N
combination vibrational absorption frequency, and non at the phosphate absorption
frequencies. Scheme 2 (on page 67), shows the frequency shifts observed for the three
compounds used in the project. A repeat of Nonaka et al.’s FT-IR work on copper
porphyrin was prompted because in a routine experiment, the IR spectrum of copper
porphyrin (Figure 16, page 38) obtained was quite different from the one that they
published.
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Scheme 2. Frequency Shifts
Absorption frequencies 1087 cm'^ 1222 cm'^ 1715 cm-1
in pure DNA (cm'^) Symmetric Stretch Asymmetric Stretch C=0/C=N stretch
Absorption frequencies
in Ethidium Bromide-
DNA complex (cm'* ).
Intercalator.














Until recently many publications on the FT-IR study of DNA-drug interactions,
have focused on interactions between drug and DNA phosphate groups. Most have been
restricted to the region 1300 to 950 cm”^ In this investigation, the region 1800 to 940
cm'^ has been examined. The results obtained indicate that DNA intercalators cause a
shift at the DNA base C=0/C=N combination vibrational frequency in addition to the
shifts that occur at the symmetric and asymmetric phosphate stretching vibrational
absorption frequencies. In the case of the DNA non-intercalator vanadyl porphyrin, these
shifts were not observed.
It was also found, that by comparing the infrared spectrum of a DNA sample
before and after protein extraction one can definitively determine the extent to which
protein has been extracted. The DNA protein amide bands that occurred at 1653, 1559
and 1395 cm"^ diminished in intensity after protein extraction.
This investigation may be regarded as further defining infrared spectroscopy as a
complementary technique in understanding DNA-Drug interactions. Thus, infrared
spectroscopy combined with other techniques such as NMR, computational modeling,
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